We present the case of a patient with acute necrotizing eosinophilic myocarditis (ANEM) who rapidly recovered after receiving high-dose corticosteroid therapy. A previously healthy 29-year-old woman presented to our hospital with abdominal pain, nausea, and fever that had lasted for two days. Her clinical condition progressively declined and she ultimately presented with cardiogenic shock due to fulminant heart failure and atrioventricular dissociation due to sinus bradycardia, which required inotropic and ventilatory support. Endomyocardial biopsy results were consistent with ANEM. High-dose corticosteroids were promptly initiated, and her cardiac function rapidly improved, with almost complete cardiac recovery one week later. She survived with completely normalized left ventricular systolic and diastolic function after high-dose corticosteroid therapy. The prompt and definite pathological diagnosis based on endomyocardial biopsy in the acute phase might have been instrumental in improving the outcome.
C ardiac diseases associated with eosinophilia are categorized into 4 groups: systemic disease [hypereosinophilic syndrome (HES), eosinophilic granulomatosis with polyangiitis (EGP), and malignancies], drug allergy reactions, parasitic infections, and a fulminant form of hypersensitivity myocarditis called acute necrotizing eosinophilic myocarditis (ANEM). 1) ANEM is rarely diagnosed while patients are alive because of its rapid and fatal progression within days to a week and its nonspecific clinical manifestations. Most cases are diagnosed when performing an autopsy, though it is frequently impossible to identify a definitive cause.
2)
The mortality rate exceeds 50%, and the average survival duration is < 4 days. 1) The main causes are arrhythmia and cardiogenic shock. We report the case of a 29-yearold woman presenting with mild blood peripheral eosinophilia and having unique echocardiographic images and who was pathologically diagnosed with ANEM on performing endomyocardial biopsy in the early stage. She had a good outcome because of her precise diagnosis and appropriate therapy. We present an approach for the prompt diagnosis of and appropriate therapeutic choice for ANEM based on clinical findings.
Case Report
A 29-year-old woman presented to our hospital complaining of abdominal pain, nausea, fever, and dyspnea that had lasted for two days. Transvaginal and abdominal ultrasound revealed no significant finding, whereas blood tests showed elevated levels of hepatic enzymes [Aspartate aminotransferase (AST): 153 U/L, Alanine aminotransferase (ALT): 110 U/L]. A computed tomography (CT) scan was performed, and showed that there was no abnormality in the peritoneal and pelvic cavity. Her abdominal pain resolved immediately after visiting the hospital and she then returned home. Two days later, she was referred to our cardiology outpatient department for the reevaluation of liver dysfunction and because of persistent chest discomfort. Blood tests revealed that her serum creatine kinase (CK) level had increased to 433 U/L, while her CKMB level (CK-MB isoenzyme) was 39 U/L, troponin T 0.9 ng/mL, and BNP 450 pg/mL. Her leukocyte count was 7100 /μL, predominantly showing neutrophils (5133 /μL) and monocytes (653 /μL), and she had a normal eosinophil count (362 /μL, 5.1%). Her C-reactive protein level was initially elevated at 0.94 mg/dL (Table) . Cardiology consultation revealed moderate pericardial effusion on a CT scan, which was performed at the first Yonenaga, ET AL visit. An echocardiogram showed significant concentric edematous thickening of the left ventricular (LV) wall and mild pericardial effusion. Because a provisional diagnosis of acute myocarditis was made, she was admitted to the coronary care unit under the care of the cardiology team for further evaluation. She had no upper respiratory tract infections in the preceding weeks, and was not exposed to animals and did not smoke.
On admission, her blood pressure, pulse, and body temperature were 92/42 mmHg, 62 beats/minute, and 37.0°C, respectively. Her blood oxygen saturation was 96% in room air. A cardiac examination showed no jugular venous distention, gallops, rubs, or murmurs.
Electrocardiography showed sinus rhythm, poor Rwave progression, and ST-segment elevation in leads V1 to V6 (Figure 1 ). X-rays showed no cardiomegaly or pulmonary edema. A 2-dimensional echocardiogram revealed moderate LV systolic dysfunction [ejection fraction (EF): 38%] with global hypokinesis, whereas her LV cavity size was normal. It also revealed significant concentric edematous thickening of the LV wall (12 mm during diastole) and a moderate amount of pericardial effusion (16.8 mm wide echo-free space posteriorly) without signs of tamponade. The right ventricle (RV) was moderately thickened with mild systolic dysfunction. Pulsed-wave Doppler imaging of mitral inflow demonstrated that the ratio of the E wave to the A wave was low at 1.39 (E wave: 50 cm/s, A wave: 36 cm/s) and that the deceleration time was prolonged (Dct: 238 ms), which suggested that LV relaxation had deteriorated ( Figure 2A ). Several hours after arrival in the coronary care unit, persistent hypotension (80 mmHg), oliguria, impaired mental function, and peripheral vasoconstriction associated with cold, clammy skin were observed. A diagnosis of cardiogenic shock was made. 3) Atrioventricular dissociation due to sinus bradycardia (HR: 50 beats/minute) and frequent premature ventricular contractions (PVCs) also occurred, and her chest pain and dyspnea worsened. She required vigorous inotropic and ACCURATE DIAGNOSIS AND PROMPT TREATMENT OF ANEM Figure 2 . Echocardiographic findings. A: Two-dimensional echocardiography showed severe LV hypertrophy and global systolic dysfunction on admission. Transmitral flow velocity pattern: early diastolic filling wave (E-wave) was decreased (50 cm/s), and atrial filling wave (A-wave) was increased (36 cm/s). The A-wave duration time and E-wave deceleration time (DT) were prolonged (238 ms). Peak early diastolic velocity of the mitral annulus (E'): E' was decreased. These findings indicated impaired LV relaxation. B: After steroid-pulse therapy, echocardiography showed a marked reduction in left ventricular thickness and improvement of both LV systolic function and diastolic function. mechanical ventilatory support. Administration of dopamine injection resulted in increases in urine flow and blood pressure. Lung congestion due to heart failure improved with vigorous inotropic and ventilatory support.
Due to a high fever of 39°C on day 2, we started high-dose intravenous immunoglobulin therapy (0.1 g/kg/ day) to suppress the acute fulminant myocarditis. On day 3, her vital signs became stable and her LV systolic function improved. However, an echocardiogram showed a thickened LV wall (interventricular septum: 16 mm) and worsened diastolic dysfunction (E wave: 0.74 m/s, A wave: 0.54 m/s, E/A: 1.37, Dct: 268 ms). Blood tests indicated a high eosinophil count (774 /μL, 6.5%). Eosinophilic myocarditis was suspected, and cardiac catheterization, including endomyocardial biopsy, was performed. Cardiac angiography showed a normal coronary artery and deterioration of LV systolic function (EF: 45%). The LV end-diastolic pressure was high (22 mmHg) and the cardiac index (thermodilution) was 3.02 L/minute/m 2 . An LV endomyocardial biopsy was performed, and the myocardial specimens were stained with hematoxylin-eosin, elastica van Gieson (EVG), and Giemsa stains. A pathologic evaluation demonstrated that inflammatory cells with extensive necrosis had infiltrated into the myocardium and that most cells were eosinophils ( Figure 3B ). Eosinophils in the myocardium were often degranulated at high magnification ( 600 at original magnification) ( Figure 3C ). Mild fibrosis was also detected on EVG staining (Figure 3  A) . Due to these findings, a definite pathological diagnosis of eosinophilic myocarditis was made on the same day. An elevated serum immunoglobulin E level of 330 IU/L and eosinophilic cationic protein level (ECP) of 48.2 μg/L also supported the diagnosis. During the diagnostic investigation of the etiology, additional laboratory analyses including repeated blood cultures, viral antibodies, parasite-specific antibodies, blood tumor series, and autoimmune series provided no evidence of hematogenous infections or autoimmune diseases.
The patient was diagnosed with ANEM in the pathological analysis and was immediately started on 3 intravenous boluses of methylprednisolone (1000 mg/day). On the basis of the potential risk of thromboembolism due to potential endocardial damage, adjuvant anticoagulation therapy with low-molecular weight heparin was administered. Low-molecular weight heparin (10,000-15,000 units/24 hours) was continued during high-dose steroid therapy (days 2-11). After steroid pulse therapy, LV wall thickness and diastolic function rapidly improved to within the normal range (Figure 2 ). The peripheral eosinophil count promptly decreased and the BNP level also decreased (Table) , accompanied by a regression of STsegment elevation and repolarization in precordial leads (Figure 1 ). On day 6, she was extubated and successfully weaned off inotropic agents and received 30 mg prednisone PO daily that was slowly tapered. On day 10, a betablocker and an angiotensin II receptor blocker were started for the prevention of myocardial remodeling. Follow-up LV endomyocardial biopsy was performed 45 days after admission. Histological analysis of the biopsy showed an absence of eosinophilic infiltration in the myocardial interstitium (Figure 4) . Two months after admission, the patient was discharged from the hospital with in-Yonenaga, ET AL structions to take 18 mg prednisolone/day. She demonstrated a remarkable decrease in BNP levels after therapy, from 449.9 pg/mL initially to 16.9 pg/mL on discharge. The dose of corticosteroids was gradually tapered down for one and a half years. During the follow-up period, she maintained normal systolic LV function, with a normal eosinophil count (350-500 μ/L) ( Figure 5 ). Although prednisolone and the angiotensin II receptor blocker were dis-ACCURATE DIAGNOSIS AND PROMPT TREATMENT OF ANEM continued, she reported no symptoms of heart failure and echocardiography showed normal LV systolic function. Since she is planning on becoming pregnant, the betablocker is scheduled to be discontinued.
Discussion
Eosinophilic myocarditis (EM) has been identified in 0.5% of cases in an unselected autopsy series 4) and in 0.1% of cases in a cohort of patients biopsied for suspected myocarditis.
5) ANEM is a rare and the most severe form of EM characterized by eosinophilic infiltration and extensive myocyte necrosis that present with fulminate heart failure and a high mortality rate. 6 ) EM may occur secondary to a systemic disease, such as malignancy, HES, EGP, and parasite infection. Many drugs, including clozapine, macrolide antibiotics, penicillin derivates, methyldopa, and some anti-seizure drugs, have been suspected as possible etiologic agents. 4, 7, 8) Some anti-inflammatory drugs, such as diclofenac, indomethacin, phenylbutazone, and oxyphenbutazone, are also capable of causing EM 4) . However, the etiology of ANEM was unclear, and some recent reports have presented cases of drug-induced ANEM. 6, [9] [10] [11] [12] [13] Clinical manifestation of ANEM may include nonspecific flu-like symptoms followed by rapid progression to severe hemodynamic deterioration with severe heart failure, cardiogenic shock, and potentially fatal arrhythmias. ST-segment elevation in ECG and elevated blood levels of cardiac enzymes are often seen. Blood eosinophilia is present in most cases, but it can be mild. 14) Characteristic echocardiographic findings of ANEM were useful for our prompt diagnosis. Echocardiography typically shows a normal chamber size (reflecting the sudden onset), increased wall thickness, and severe, biventricular diffuse systolic dysfunction. Pericardial effusion is seen in 75% of cases. 15) Endomyocardial biopsy is considered the gold standard for correctly diagnosing ANEM. Thus, a biopsy should be immediately performed if ANEM is suspected on the basis of other examinations. A histological examination shows diffuse inflammation in the myocardium, including the infiltration of a prominent eosinophilic component and extensive myocyte necrosis.
Given the absence of randomized control trials to guide ANEM therapy, mechanical circulatory support, immunosuppression, and standard heart-failure medical therapies are the basis of ANEM treatment. 1, 14, 16, 17) In EM, the myocardium is damaged by proteins derived from eosinophils, such as ECP, major basic protein (MBP), eosinophil-derived neurotoxin (EDN), and eosinophil peroxidase (EPO). The aim of corticosteroid therapy is to stop toxic granule release and the subsequent immunological destruction of the myocardium. Consequently, initial therapy generally involves high-dose steroids. Nevertheless, a general recommendation for the dosage of corticosteroids and the duration of treatment remains unclear.
In this case, medical history and screening tests eliminated medication side effects, allergic responses, infection, malignancy, and connective tissue disorders as the cause of ANEM. On the basis of endomyocardial biopsy results, we decided to treat our patient with 3 intravenous boluses of methylprednisolone (1 g/day) and immunoglobulin (0.1 g/kg/day) for 4 days followed by 30 mg/day oral prednisone (0.6 mg/kg/day) at a tapered dose for two weeks. We performed endomyocardial biopsy one and a half months after administering corticosteroid therapy. The histopathological findings showed almost complete resolution of the eosinophilic infiltration and improvement of the fibrosis. Therefore, we gradually tapered the steroid dose for 1 year based on the echocardiographic assessment of cardiac function as well as eosinophil count. With the therapeutic regimen outlined above, the high-dose corticosteroids that we administered in the early stages may have been instrumental in preventing progression to the intermediate necrotic and fibrotic stage of AENM and the complete recovery with normal systolic function.
Recent case reports have demonstrated that patients with drug-induced ANEM were successfully treated with immediate withdrawal of the offending drug and immunosuppressant therapy. 6, 9, 10, 18) However, no study has reported that a patient with ANEM of unknown etiology can be successfully diagnosed, in whom only immunosuppressive therapy results in a full recovery of LV function. Therefore, knowledge about the clinical course of ANEM and a prompt decision to perform endomyocardial biopsy in patients with acute deterioration of heart function of unknown origin is recommended to differentially diagnose ANEM and save the life of the patient.
Conclusion
ANEM is a medical emergency that is usually fatal, and the condition is difficult to diagnose before the patient dies. We had a strong clinical suspicion of ANEM based on the unique echocardiographic findings, and were able to perform a prompt endomyocardial biopsy and make a correct diagnosis. Furthermore, the immediate administration of high-dose corticosteroids led to dramatic improvements without mechanical support in our patient. We have reported the case of a patient with idiopathic ANEM who presented with cardiogenic shock, was diagnosed by performing endomyocardial biopsy at an early stage, and showed complete recovery without sequelae. Making a precise pathological diagnosis by performing endocardial biopsy and administering appropriate steroids are needed to improve the prognosis of patients with ANEM.
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